Background Trends and clinical factors associated with prescribing choices for oral P2Y12 inhibitors (P2Y12-I) remain unknown for patients on chronic dialysis, i.e., with end-stage renal disease (ESRD). Methods From 2011-2014 U.S. Renal Data System registry, we identified 36,542 ESRD patients who received new prescriptions for P2Y12-I (median age 64.0 years and 54% males). Of the cohort, 93% were receiving hemodialysis and 7% on peritoneal dialysis. We analyzed trends and investigated clinical factors associated with specific P2Y12-I prescribed.
Introduction

MATERIALS AND METHODS
Data Source
We used data from USRDS, a national registry of patients with ESRD that includes demographic and comorbidity conditions documented upon initiation of dialysis; dialysis treatment type over time; date and cause(s) of death; and patient-level Medicare institutional (Part A), physician-supplier (Part B), and prescription drug (Part D) claims. 5 Patient-level demographic data, clinical data, dialysis modality, and first service date of dialysis is generated upon initiation of dialysis, when nephrologists are required to submit a Medical Evidence Form (CMS-2728) to regional ESRD Networks. Each ESRD Network then forwards the information to the USRDS Coordinating Center and continues to provide regular patient updates. Medicare Part A claims include dates of admissions to hospitals, primary diagnosis, procedures performed during hospitalization, and contributing or concurrent diagnoses (based on International Classification of Diseases 9 [ICD-9-CM] codes and diagnosis-related grouping [DRG]) for each admission. Medicare Part B claims include details of outpatient services (e.g., dates of service, ICD-9-CM diagnosis, procedure codes). Medicare Part D claims include details of prescription drug use (e.g., P2Y12-I type, strength, days supply). Source files are linked with a patient-specific USRDS_ID.
Study Design and Cohort
Institutional Review Board approvals were obtained from the University of Arkansas for Medical Sciences, Little Rock, AR, and University of Kansas Medical Center (KUMC), Kansas City, KS (primary site for data collection, processing, and analysis). Subsequently, a data-use agreement was signed and approved by the USRDS Program Director.
We created a retrospective national cohort of prevalent ESRD patients from USRDS registry data between July 20, 2011, and December 31, 2014. The start date was chosen because it is the date when ticagrelor became available in the market, which allowed us to create a contemporary ESRD cohort and limit bias in the results by focusing on a period when all three P2Y12-I were available. The end date was, at the time of analyses, the latest date for which USRDS had released data. After applying exclusions, we identified every continuously eligible patient in the dataset who was given a new prescription for a P2Y12-I. Two steps were used to identify new prescriptions. First, prescriptions for P2Y12-I were identified from nonproprietary drug names in Medicare Part D claims. Second, any prescription that appeared after a 6-month period with no P2Y12-I exposure was assumed to be a new prescription. Because pharmacologic effects of P2Y12-I occur and wash-out relatively quickly, 6 months without exposure seemed suitable.
The study cohort included patients undergoing hemodialysis or peritoneal dialysis (detailed in Figure 1 ). Those who received transplants but returned to dialysis because of failed allografts before index dates were considered for inclusion. We included any patient who was at least 18 years of age; was receiving chronic maintenance dialysis; had survived at least 6 months from first USRDS-recorded service; was continuously eligible for Medicare Parts A, B, and D 180 days before the index date; and received new prescriptions for P2Y12-I. A patient was excluded if younger than 18 years of age; date of first USRDS-recorded service was missing; dialysis started after the study end date; eligibility for Medicare Parts A, B, and/or D was noncontinuous; chronic maintenance dialysis treatments were not received; P2Y12-I was not prescribed; or P2Y12-I prescription was not new. When two different P2Y12-I were prescribed on the index date (N=3), the P2Y12-I observed in the subsequent prescription was considered the index drug.
From 2011 to 2014, more than one million patients with endstage renal disease (ESRD) on chronic dialysis in the US. 1 Patients with ESRD, compared to the general population, are at a disproportionately higher risk of developing and of dying from thrombotic cardiovascular (CV) events, 2 and they experience increased rates of hospitalization, adverse clinical outcomes, and higher health care-related costs. CV events can be managed with several approaches that include percutaneous coronary interventions (PCIs) and prescription medications with antiplatelet drugs. As such, oral P2Y 12 inhibitors (P2Y12-I), such as clopidogrel, prasugrel, or ticagrelor, are antiplatelet drugs commonly prescribed for these patients and are among the top 15 medication prescribed to this patient population. 1 Because the landmark randomized clinical trials (RCTs) of P2Y12-I systematically excluded this patient population, there is limited data to guide physicians in use of P2Y12-I in the setting of ESRD. Although recent observational study reported comparative effectiveness of ticagrelor versus clopidogrel in patients with estimated glomerular filtration rate between 15-60 ml/min, 3, 4 data remain scarce for ESRD patients. Little is known about the factors associated with physicians' choices of prescribing P2Y12-I for this patient population as large-scale, real-world prescribing patterns of P2Y12-I have not been previously reported. Specifically, it remains unclear whether choice of P2Y12-I is determined by baseline differences in demographics, dialysis-related factors, comorbidities or differences in FDA-approved clinical indication for P2Y12-I. We used the U.S. Renal Data System (USRDS) registry data of Medicare beneficiaries with ESRD on chronic dialysis and investigated semiannual trends in P2Y12-I prescriptions for this patient population and clinical risk factors independently associated with these prescriptions. We hypothesized that demographics, dialysis-related factors and comorbidities would be associated with choice of P2Y12-I in ESRD patients.
Variables
The primary outcome was a new prescription for a P2Y12-I, which reduced the impact of prevalence bias. 6 The index date was defined as date of the new P2Y12-I prescription. The earliest possible index date was July 20, 2011, when ticagrelor became available. Demographics data was collected from CMS-2728 (recorded at first USRDS service). Information related to dialysis treatment, including modality (hemodialysis versus peritoneal dialysis), vintage (time between dialysis initiation and index date), and underlying cause of ESRD, was collected. Medicare enrollment files in USRDS registry data were used to identify continuous Parts A, B and D eligibility and enrollment in low-income subsidy. Comorbidities were collected from CMS-2728 and combined with codes appearing on 2 different days in outpatient claims data or once in hospital claims data 6 months before the index date. Details of ICD-9, diagnosis related group (DRG), current procedural terminology (CPT), and healthcare common procedure coding system (HCPCS) codes that were used to identify comorbidities are provided in Supplementary Table 1 . Modified Liu comorbidity index, a validated measure of comorbidity burden in ESRD patient population, was calculated using algorithm previously published (Supplementary Table 1 ). 7
Statistical Analyses
Summary data on the number of patients receiving P2Y12-I prescriptions was reported. A Cochran Armitage trend test was performed to determine linear trends in P2Y12-I use. Descriptive statistics were generated for continuous variables stratified by P2Y12-I, and nonparametric Kruskal-Wallis test was used to test for statistically significant differences. Multiplicity adjustments for post hoc pairwise comparisons between the groups were made with the Dwass-Steel-Critchlow-Fligner test when the overall model F-test showed statistical significance. 8 Categorical variables were compared with the Cochran-Mantel-Haenszel chi-square tests. Independent associations between baseline characteristics (e.g., demographics, dialysis-related variables and comorbidities) and P2Y12-I prescriptions were analyzed with multivariable polychotomous logistic regression. In the multivariable analyses, we modeled the odds of receiving a P2Y12-I prescription compared to another P2Y12-I prescription (e.g., ticagrelor versus clopidogrel) as an independent function of baseline characteristics (i.e., demographics, dialysis-related or comorbidity). Clinically relevant or statistically significant baseline characteristics in univariable analyses were included in multivariable analyses. All statistical tests were conducted at the 5% level of significance. Analyses were generated with SAS software, Version 9.4 of the SAS System for Windows (SAS Institute Inc., Cary, NC).
RESULTS
USRDS records for 2011 through 2014 included 962,094 patients whose date of first service was known and who had received outpatient chronic maintenance dialysis and survived 6 months from the first service date; of those, 136,375 (14.2%) received P2Y12-I prescriptions. After applying the criterion 
ESRD patients (N=962,094)
Excluded n=95,219 did not survive for the first 6 months from the first ESRD service date Excluded n=825,719 who were not taking P2Y 12 inhibitors
ESRD patients (N=136,375)
Excluded n=99,827 who did not meet criterion for new users Excluded n=6 whose age <18 or >101 at the index date Figure 1 Derivation of the study cohort. From 1,057,313 unique U.S. Renal Data System (USRDS) identification numbers (IDs), we applied exclusion criteria to arrive at the final cohort of 36,542 patients with end stage renal disease (ESRD) who were on chronic dialysis and received new prescriptions for oral P2Y 12 inhibitors.
for new P2Y12-I prescriptions, we selected the final cohort of 36,542 (3.8%) patients with ESRD. Of the 36,542 ESRD patients who received new P2Y12-I prescriptions, 95% (n = 34,895) received clopidogrel, 3% received prasugrel (n = 1,062), and 2% received ticagrelor (n = 585) ( Figure 2 ). There was an increasing linear trend (P<0.0001) in the proportion of patients receiving ticagrelor from July 2011 (0.1%) to December 2014 (3.5%). Likewise, a decreasing linear trend (P<0.0001) was observed in the proportion of patients receiving clopidogrel from July 2011 (97.4%) to December 2014 (93.6%). No significant linear trend (P=0.61) was observed for patients receiving prasugrel during this period. Table 1 shows demographics, dialysis-related factors and comorbidities of the cohort. Median (IQR) age of the cohort was 64.0 years (55.0, 72.0) and 17.7% were 75 years or older. The cohort comprised of 54% men, 36% African American, and 18% Hispanic. Of the cohort, 93% were on hemodialysis and the remaining on peritoneal dialysis. Nearly 20% of the cohort had atrial fibrillation and less than 9% were prescribed oral anticoagulants on the index date. During the 6-month period prior to the index date, 28% of the cohort underwent PCI, 23% had acute myocardial infarction (AMI), 8% encountered non-fatal cardiogenic shock or cardiac arrest and 2% had coronary artery bypass graft (CABG) ( Table 2) .
Multivariable associations of demographics, dialysisrelated factors and comorbidities with choice of a P2Y12-I prescription over another are presented (Table 3) . Age was independently associated with the choice of P2Y12-I-for every 10-year increase in age, the odds of receiving ticagrelor over prasugrel were 27% higher (P<0.0001), and of receiving prasugrel over clopidogrel were 24% lower (P<0.0001). Compared to Caucasians, the odds of receiving ticagrelor over clopidogrel was 36% lower for African Americans (P<0.0001) and 32% lower for Hispanics (P=0.003). There was lower odds for African Americans to receive prasugrel over clopidogrel (P<0.0001). Receiving low income subsidy was not associated with choice of P2Y12-I in the multivariable model ( Table 3 ). Patients on hemodialysis compared to peritoneal dialysis had 33% lower odds of receiving prasugrel over clopidogrel (P=0.0001). For every 1-year increase in time on dialysis, there was 9% lower odds of receiving prasugrel over clopidogrel (P=0.0165). Etiology of ESRD was not associated with choice of P2Y12-I prescription (end of study period). Blue circles, patients receiving clopidogrel; red squares, patients receiving prasugrel; black triangles, patients receiving ticagrelor. P-for trend <0.0001, 0.61 and <0.0001, respectively. (Table 3) . Multivariable associations of cardiac events occurring within the 6-month period prior to the index date with choice of a P2Y12-I prescription over another are presented ( Table 4 ). In the setting of NSTEMI and PCI compared to absence of such events, there were higher odds that a patient would receive a prescription for ticagrelor over other P2Y12-I even after adjusting for confounders in various hierarchical regression models (Table 4 ). For placement of drug-eluting coronary stents or multiple coronary stents-there were higher odds that a patient would receive a prescription for ticagrelor or prasugrel over clopidogrel and no difference in the odds of receiving ticagrelor over prasugrel (Table 4 ). In the setting of non-fatal cardiogenic shock or non-fatal cardiac arrest, there were higher odds of receiving prasugrel over clopidogrel (Table 4 ).
DISCUSSION/CONCLUSION
Using national registry data of ESRD patients on chronic dialysis between July 2011 and December 2014, we report prescribing patterns of clopidogrel, prasugrel, and ticagrelor in this understudied patient population. Clopidogrel remained the most common P2Y12-I prescribed to patients on chronic dialysis whereas ticagrelor and prasugrel remained underutilized. Age and racial differences determined choice of P2Y12-I prescriptions: clopidogrel the most favored and prasugrel the least favored with older age; and, minorities less likely to receive ticagrelor over other P2Y12-I. Among dialysis-related factors, patients receiving hemodialysis versus peritoneal dialysis or with every year increase in time on dialysis (i.e., dialysis vintage) had lower odds to receive prasugrel over clopidogrel. Presence of atrial fibrillation and COPD compared to absence of these comorbidities reduced odds of receiving ticagrelor or prasugrel over clopidogrel. Occurrence of NSTEMI or PCI compared to lack of these events within the 6-month period prior to the index date favored ticagrelor over other P2Y12-I.
Among the demographics variables, we found age, gender and race to be associated with choice of P2Y12-I in patients on chronic dialysis. It appears that clopidogrel was the most favored and prasugrel was the least favored P2Y12-I with increasing age, specifically in ≥75 years or older. This trend is Among ESRD patients on chronic dialysis in the U.S.A. between 2011-2014, clopidogrel remained the most commonly prescribed P2Y12-I, utilization of prasugrel (from 2.5% to 2.9%) remained unchanged and ticagrelor use (from 0.1% to 3.5%) was on the rise, a trend similar to that in the general population and Veterans. [9] [10] [11] This trend is reflected by the fact that year of index date for prescription was independently associated with choice of P2Y12-I favoring ticagrelor over others in the recent years (2014 versus 2011). These trends follow the publication of the Platelet Inhibition and Patient Outcomes (PLATO) trial, which reported ticagrelor to be 23% more effective, adjusted hazard ratio 0.77 (0.65-0.90) over clopidogrel in reducing the composite outcome of cardiovascular death, AMI, or stroke at 12 months among participants with estimated glomerular filtration rate (eGFR) of <60 ml/min/1.73m 2 (n = 2,562). 12 This landmark trial excluded ESRD patients. There are no data for use of newer P2Y12-I in ESRD patients, and post-marketing data remains scarce on effectiveness and safety of ticagrelor or prasugrel over clopidogrel in this patient population. 13, 14 These trends need to be monitored carefully specifically in light of the PLATO trial efficacy and safety data on the subgroup of participants with kidney disease that was published by the Food and Drug Administration (FDA) raising concerns regarding efficacy and safety of these drugs in patients with advanced kidney disease. 15 consistent with a black-box warning against prasugrel use in ≥75 years or older due to increased risk of major bleeding. 16 Whether ticagrelor will gain popularity in this age-subgroup remains to be established. As far as safety data is concerned for use of ticagrelor over clopidogrel in this age-subgroup, the PLATO participants ≥75 years or older (n=2,878, 15% of the participants) did not experience increased adverse events with ticagrelor use. 4 However, effectiveness data on this agesubgroup reported lack of superiority of ticagrelor over clopidogrel to reduce a composite of cardiovascular death, nonfatal AMI or nonfatal stroke, HR 0.94 (0.78-1.12). 4 These reasons may explain why clopidogrel was favored over other P2Y12-I for ≥75 years or older. We found men were 19% less likely to receive ticagrelor over prasugrel and 23% more likely to receive prasugrel over clopidogrel. We also found racial differences in the choice of P2Y12-I, with minorities less likely than Caucasians to receive ticagrelor or prasugrel over clopidogrel. Two-thirds of the cohort was receiving low-income subsidy and we did not find an association between choice of P2Y12-I and receipt of the subsidy. Unmeasured variables related to socioeconomic status might play an important role in the choice of P2Y12-I given cost differences between the drugs which might explain these findings.
Cardiovasc Drugs Ther (2019) 33:511-521 517 Abbreviation: CI-confidence interval, ESRD-end stage renal disease, OR-odds ratio Dialysis-related factors were also associated with choice of P2Y12-I in patients with ESRD. Individuals on hemodialysis versus peritoneal dialysis had 33% lower odds of receiving prasugrel over clopidogrel. In addition, for every year increase in time on dialysis, there was a 9% lower odds of receiving prasugrel over clopidogrel. Patients on chronic dialysis are already at heightened risk of major gastrointestinal bleeding. [17] [18] [19] This risk continues to worsen with increasing dialysis vintage due to multiple reasons including development of arteriovenous malformations or because of receiving heparin during hemodialysis treatments. These complications might drive clinicians to avoid prasugrel in ESRD patients who have been on chronic dialysis for longer duration due to fear of major bleeds, specifically gastrointestinal bleeds. 4, 20 Clopidogrel is FDA approved for acute coronary syndrome (ACS) to reduce the rate of cardiovascular death, AMI or stroke. 25 In addition, it is also approved for use in patients with recent AMI, recent stroke or established PVD to reduce the rate of new ischemic stroke, new AMI and other vascular death. 26 Prasugrel is FDA approved for maintenance P2Y12-I therapy in patients with acute coronary syndrome who are treated with PCI and are not at high risk of bleeding complication and who do not have a history of stroke. 27 Ticagrelor is FDA approved for maintenance P2Y12 therapy in patients with acute coronary syndrome who are treated with PCI or medical therapy alone. 27 Although the FDA drug label for ticagrelor does not restrict its use in patients with history of stroke, the secondary review of PLATO trial data by the FDA noted 2-5 times higher risk of stroke in the ticagrelor arm versus the clopidogrel arm. 15 On the one hand, differences in FDA approved clinical indication for use and unclear efficacy in non-cardiac thrombotic cardiovascular events might explain choice of clopidogrel over ticagrelor or prasugrel for patients on chronic dialysis with certain comorbidities. On the other hand, some trends in our results need further research with data from recent years, for e.g., prescribing trends favoring prasugrel over clopidogrel in nonfatal cardiogenic shock or cardiac arrest, and lack of preference for ticagrelor over prasugrel in the deployment of drug-eluting stents. Patients with more severe cardiac events at the index dates might be more likely to receive prasugrel or ticagrelor over clopidogrel.
Recent pharmacodynamics studies reported greater and quicker platelet inhibition with prasugrel or ticagrelor over clopidogrel in patients receiving hemodialysis. [28] [29] [30] [31] Due to small sample size in the ticagrelor group of the cohort, we might have failed to observe trends favoring ticagrelor over other P2Y12-I in these settings. This study has several strengths. We describe national trends in prescribing P2Y12-I for patients with ESRD who are older and racially diverse. Because this is an understudied population with scarce efficacy and safety data of P2Y12-I use, we also describe clinical factors that may be associated with physicians' choices when prescribing these drugs to ESRD patients. By studying new prescription users, we reduced prevalence bias in the findings. This study also has limitations. First, we may have missed some covariates or clinical risk factors related to new prescriptions for P2Y12-I, including obesity, coronary anatomy, and thrombolysis in myocardial infarction flow pre-and post-PCI. Second, we did not have information about concomitant aspirin use because it may be purchased over the counter. Patients may be prescribed P2Y12-I as monotherapy without (or instead of) aspirin, particularly considering the bleeding risks associated with dual antiplatelet therapy in this patient population. Without aspirin data, trends reported in the manuscript may not be complete. Despite lack of aspirin data, our results provide understanding of current clinical practice and utilization of P2Y12-I in an understudied and high-risk patient population. Third, general limitations of pharmacoepidemiological studies using administrative claims data may also exist including accuracy in coding, lack of direct comparison of the study population with P2Y12-I use in patients without ESRD, lack of socioeconomic data, and lack of outcomes data related to either future thrombotic events or bleeding while on P2Y12-I treatment.
In summary, clopidogrel remained the most common P2Y12-I prescribed to patients on chronic dialysis between 2011 and 2014. During the study period, ticagrelor and prasugrel remained underutilized, prasugrel utilization plateaued and ticagrelor utilization was on the rise. Age and racial differences determined choice of P2Y12-I prescriptions: clopidogrel the most favored and prasugrel the least favored with older age; and, minorities less likely to receive ticagrelor over others P2Y12-I. Among dialysis-related factors, patients who were on dialysis for longer duration or receiving hemodialysis versus peritoneal dialysis were less likely to be prescribed prasugrel over clopidogrel. Among non-cardiac comorbidities or cardiac events during the 6-month period prior to the index date, prescribing patterns primarily indicate utilization of P2Y12-I prescriptions according to the FDAapproved clinical indication for their use in the general population. Comparative effectiveness studies involving ESRD Presence of atrial fibrillation or COPD compared to absence of these comorbidities reduced the odds of receiving ticagrelor or prasugrel over clopidogrel. Ticagrelor was reported to cause dyspnea and abnormal heart beats in the PLATO trial. 4 This might dissuade clinicians to prescribe ticagrelor in the setting of atrial fibrillation or COPD and might explain these results. Lack of association between concurrent anticoagulant use (versus no use) at index date with choice of P2Y12-I might be a finding by chance due to small number of patients on ticagrelor or prasugrel who were prescribed an oral anticoagulant. Recent RCTs that reported safety of dual therapy with anticoagulants and P2Y12-I were published after the study period and are unlikely to explain this trend. 21, 22 Finally, occurrence of NSTEMI or PCI compared to absence of these events within the 6-month period prior to the index date favored ticagrelor over other P2Y12-I. In the setting of non-fatal cardiogenic shock or non-fatal cardiac arrest, there were higher odds of receiving prasugrel over clopidogrel. However, when multiple or drug-eluting coronary stents were deployed, prescribing trends favoring ticagrelor over prasugrel were not observed. Some of these choices indicate utilization of P2Y12-I prescriptions according to the FDA-approved clinical indication for P2Y12-I use in the general population. There are several differences in clinical indication for use of each P2Y12-I. 16, 23, 24 This might also be the reason why prasugrel remains underutilized in this patient population and the trend remained flat during the study period.
patients are needed to prove that ticagrelor and prasugrel are just as safe and effective as clopidogrel before clinicians can make informed decisions for choice of P2Y12-I in this patient population.
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